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A B S T R A C T
The aim of this study was to determine whether elite international junior rowers in 2007 were heavier and taller than
those evaluated in 1997, and to compare this change among finalists and non-finalists, and sweep rowers and scullers.
Body weight and height data obtained by a questionnaire from a total of 398 rowers (42% female, 58% male) at the Ju-
nior World Rowing Championships in Beijing, People’s Republic of China, in 2007 (65.9% of all competitors), were com-
pared with data from 603 rowers measured at the Junior World Rowing Championships in Hazewinkel, Belgium in
1997 (36.5% female, 63.5% male, representing 90% and 89% of all competitors, respectively, by gender). Male and female
rowers in 2007 were significantly taller compared to those in 1997 (1.0 cm, p=0.009 and 2.1 cm, p<0.001, respectively;
one-sample t-test). No statistically significant difference was found for body mass. The finalists and sweep rowers were
taller and heavier compared to nonfinalists and scullers at both Championships respectively. The heights of elite level ju-
nior rowers increased significantly over the decade. The finalists at World Junior Rowing Championships were again
taller and heavier compared to the nonfinalists.
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Introduction
Although success in a given sport is the result of a
combination of hereditary, training, nutrition, environ-
mental and sociocultural influences1,2, anthropometric
parameters are significantly correlated to performance
level and thus constitute a predisposing factor for suc-
cess in elite sports3–7. Anthropometric characteristics of-
ten reflect functional and physiological demands of the
specific sport8, and determine the individual’s adaptabil-
ity to the training regime9–11. These characteristics are
widely used within the sports talent identification pro-
cess and are among the variables of sufficient predictive
value to select athletes most likely to excel8.
In a number of sports12–14, a trend of increasing body
size has been observed15. Carter16,17 in the 1980s suggest-
ed that the height and mass of the nationally ranked ath-
letes were increasing by about 2 cm and 5 kg per decade.
This trend reflects both environmental and societal in-
fluences responsible for population secular growth
trends13, as well as changes in training methods and
competition rules in sports18. In rowing, as a strength en-
durance sport, body mass and body size have long been
recognized as factors substantially contributing to suc-
cessful performance5,19–21. It is hence a weight-class sport,
but, interestingly, thus far this categorisation exists only
at the senior level – there are no weight classes in junior
rowing.
The last comprehensive anthropometric investigation
of elite junior rowers was performed at the 1997World Ju-
nior Rowing Championships in Hazewinkel, Belgium1,2,11.
The 2007 World Junior Rowing Championships provided
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an opportunity to examine the changes in body height
and weight of a population of elite junior rowers over a
decade. As part of a larger investigation on the incidence
of injuries in junior rowers22, the aims of this study were
to: (a) determine the weight and height of the 2007 elite
junior rowers and to compare these data with the 1997
rowers; (b) compare the body weight and height of the
2007 finalists and non-finalists, and to compare the re-
sults with the 1997 data; (c) compare the body weight
and height of the 2007 sweep and sculling competitors,
and to compare the results with the 1997 data.
Methods
Sample
At the FISA (Fédération Internationale des Sociétés
d’Aviron) World Rowing Junior Championships (Beijing,
People’s Republic of China, August 8–11, 2007), a total of
398 rowers (231 males and 167 females) from 45 coun-
tries were administered a questionnaire, and all of them
completed it. The sample represented 65.9% of all com-
petitors, 52.5% of the A finalists (n=145), as well as
39.9% of the medalists (n=55). There were 5 reserves (3
males and 2 females, 1.3% of the sample). Coxswains
were not included. 74.1% of the study participants were
from Europe. The participants were aged 15.0–18.0 years
(M (95% CI)=17.5 (17.4–17.6) years).
Data collection
Data on body height and weight were collected using a
self-reported questionnaire22. The questionnaire consist-
ed of general and rowing-specific sections followed by a
medical section. The questionnaire was available in 21
languages (Bulgarian, Chinese, Croatian, Czech, Dutch,
English, Estonian, Finnish, French, German, Greek, He-
brew, Italian, Japanese, Norwegian, Portuguese, Russian,
Serbian, Spanish, Swedish, and Turkish). Additional com-
munication with rowers who did not speak English was
accomplished by team managers, team physicians or
translators (students of Beijing Normal University pre-
paring as volunteers for Olympic Games in Beijing 2008).
The study was approved by the local ethics committee
and FISA Sports Medicine Commission.
Data analysis
After testing for skew, all variables could be fitted to a
normal distribution. Mean and standard deviation were
calculated for all variables for the entire sample and then
separately for finalists and non-finalists, and for sweep
rowers and scullers. One-sample t-test was used to com-
pare the anthropometric data obtained from the 2007
group with the reported data from the 1997 World Junior
Rowing Championships1,11. To compare the anthropome-
tric data of the 2007 sweep rowers and scullers, as well as
that of finalists and non-finalists, independent samples
t-tests were performed. Statistical significance was set at
p=0.05. All statistical analyses were performed using
SPSS 16.0 for Windows (SPSS Inc., Chicago, IL).
Results
Male and female rowers in 2007 were significantly
taller than rowers who competed at the 1997 World Ju-
nior Rowing Championships (p=0.009 and p<0.001 re-
spectively, one sample t-test; Table 1). No statistically
significant difference was found for body mass.
Male finalists who competed in 2007 were signifi-
cantly heavier and taller than non-finalists (p<0.001 for
both, one sample t-test; Table 2). Female finalists were
significantly heavier (p=0.032, independent samples t-test)
but not taller (Table 2).
We also compared body mass and stature between the
2007 and 1997 samples in finalists and non-finalists sep-
arately. The 2007 male non-finalists were significantly
heavier and taller than the 1997 non-finalists (p=0.019
and p=0.005, respectively, one sample t-test; Table 3).
The 2007 female non-finalists were significantly taller
than their 1997 counterparts (p<0.001, one samples t-test;
Table 3).
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TABLE 1
BODY MASS AND BODY HEIGHT OF MALE AND FEMALE
JUNIOR ROWERS WHO COMPETED AT THE WORLD JUNIOR
ROWING CHAMPIONSHIPS IN 2007 COMPARED TO ROWERS
WHO COMPETED AT THE WORLD JUNIOR ROWING
CHAMPIONSHIPS IN 1997
Body mass in kg
(X±SD)
Stature in cm
(X±SD)
Men 1997 (n=383)† 82.2±7.4 187.4±5.8
p* 0.078 0.009
2007 (n=231) 83.2±8.2 188.4±6.1
Women 1997 (n=220)‡ 69.5±6.2 174.5±6.2
p* 0.136 <0.001
2007 (n=167) 68.7±6.7 176.6±5.8
* One sample t-test
† Bourgois, 20001
‡ Bourgois, 200111
TABLE 2
DIFFERENCES IN BODY MASS AND BODY HEIGHT BETWEEN
MALE AND FEMALE FINALISTS AND NON-FINALISTS WHO
COMPETED AT THE WORLD JUNIOR ROWING CHAMPIONSHIPS
IN 2007
Body mass in kg
(X±SD)
Stature in cm
(X±SD)
Men Finalists (n=73) 86.0±9.2 190.4±5.9
p* 0.001 0.001
Non-finalists
(n=155)
82.0±7.4 187.6±5.9
Women Finalists (n=72) 70.0±6.5 177.4±4.9
p* 0.032 0.151
Non-finalists
(n=93)
67.7±6.8 176.0±6.4
* Independent samples t-test
The reserves (3males and 2 females) are excluded from this analysis
Finally, we compared body mass and stature of sweep
rowers and scullers and found that female sweep rowers
were both heavier and taller than scullers (p=0.001 and
p=0.004, respectively, independent two sample t-test;
Table 4).
When compared by event type with the 1997 partici-
pants, the 2007 male scullers were statistically signifi-
cantly heavier and taller (p=0.001 and p=0.015 respec-
tively, one sample t-test; Table 5), while the two groups of
male sweep rowers did not differ significantly. As for the
females, both 2007 scullers and sweep rowers were sig-
nificantly taller than the rowers in 1997 (p=0.001 for
both, one sample t-test; Table 5).
The majority of participants at both competitions
came from European countries (73.1% of female11 and
75.5% of male participants in 2007 vs. 77.0% of female
and 83.8% of male participants in 19971).
Discussion
In this investigation of height and weight changes in
elite junior rowers comparing populations from the FISA
World Championships in 1997 and in 2007, both males
and females were observed to be significantly taller in
2007. With respect to body mass, a trend toward an in-
crease in males and a decrease in females was observed,
but the differences did not reach statistical significance.
The results, with the exception of the negative weight
trend in females, are congruent with the findings of stud-
ies in athletes of different sports (canoe and kayak pad-
dlers12, water polo players13, American National Football
League and National Basketball Association (NBA) play-
ers15, rugby union players23) and reaffirm the hypothesis
set forth by Carter16,17. An overview of the available pub-
lished data on anthropometric characteristics of junior
rowers is presented in Table 6 for comparison with the
data from this study.
As Norton and Olds state15, sport is Darwinian, with
the »fittest« reaching the highest levels. Since rowing is
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TABLE 4
BODY MASS AND BODY HEIGHT DIFFERENCES BETWEEN MALE
AND FEMALE SCULLERS AND SWEEP ROWERS WHO COMPETED
AT THE WORLD JUNIOR ROWING CHAMPIONSHIPS IN 2007
Body mass in kg
(X±SD)
Stature in cm
(X±SD)
Men Scullers (n=120) 82.7±7.9 187.8±6.1
p* 0.345 0.057
Sweep rowers
(n=108)
83.8±8.6 189.3±6.0
Women Scullers (n=101) 67.3±6.8 175.6±6.3
p* 0.001 0.004
Sweep rowers
(n=64)
70.9±6.1 178.2±4.5
Independent two sample t-test
The reserves (3males and 2 females) are excluded from this analysis
TABLE 3
DIFFERENCES IN BODY MASS AND BODY HEIGHT OF MALE
AND FEMALE FINALISTS AND NON-FINALISTS FROM THE
WORLD JUNIOR ROWING CHAMPIONSHIPS IN 1997 AND 2007
Body mass
in kg
(X±SD)
Stature
in cm
(X±SD)
Men Finalists 1997 (n=144)† 84.8±7.1 189.3±5.0
p* 0.266 0.117
2007 (n=73) 86.0±9.2 190.4±5.9
Non-
finalists
1997 (n=222)† 80.6±7.0 186.3±6.1
p* 0.019 0.005
2007 (n=155) 82.0±7.4 187.6±5.9
Women Finalists 1997 (n=112)‡ 71.3±5.9 176.6±5.8
p* 0.089 0.198
2007 (n=72) 70.0±6.5 177.4±4.9
Non-
finalists
1997 (n=94)‡ 67.7±6.1 172.7±6.0
p* 0.965 <0.001
2007 (n=93) 67.7±6.8 176.0±6.4
One sample t-test
† Bourgois, 2000
‡ Bourgois, 2001
The reserves (3males and 2 females) are excluded from this analysis
TABLE 5
DIFFERENCES IN BODY MASS AND BODY HEIGHT OF MALE
AND FEMALE SCULLERS AND SWEEP ROWERS FROM THE
WORLD JUNIOR ROWING CHAMPIONSHIPS IN 1997 AND 2007
Body mass in kg
(X±SD)
Stature in cm
(X±SD)
Men Scullers 1997
(n=161)†
80.3±6.9 186.4±6.4
p* 0.001 0.015
2007
(n=120)
82.7±7.9 187.8±6.1
Sweep
rowers
1997
(n=222)†
83.6±7.5 188.2±5.3
p* 0.845 0.059
2007
(n=108)
83.8±8.6 189.3±6.0
Women Scullers 1997
(n=111)‡
67.4±6.1 173.5±6.5
p* 0.914 0.001
2007
(n=101)
67.3±6.8 175.6±6.3
Sweep
rowers
1997
(n=108)‡
71.6±5.6 176.3±5.4
p* 0.363 0.001
2007
(n=64)
70.9±6.1 178.2±4.5
One sample t-test
† Bourgois, 2000
‡ Bourgois, 2001
The reserves (3males and 2 females) are excluded from this analysis
among sports in which »bigger« athletes may produce bet-
ter results, this »size-determined« successfulness can drive
athlete selection15. The increase in athlete body size can-
not be considered without taking into account the influ-
ence of increased size in the overall population13, yet the
body size trend in sports often rises at a rate significantly
higher than that predicted by the secular trend13,15,23.
In light of the hypothesis of »expanding universe« of
athletic bodies15, our finding of a possible decrease in fe-
male rowers body weight was unexpected. This decrease
could result from a number of factors including weight
control in young women, increased fitness levels and/or
improved training regimens in the female junior rowers.
The generally growing trend of excessive weight-control
in adolescent girls and young women, largely incited by
the media, accompanied with the rise in the incidence of
eating disorders recorded since the middle of the 20th
century24, extends also to sports, primarily the ones that
emphasize leanness and/or a low body weight25–27. Also,
the trend could reflect an increase in rowing national
federations inclusion of the girls with potential to com-
pete as lightweights in later stages. Restrictive eating
patterns and other weight-control behaviors27 are often
found in female athletes, and, if combined with amenorr-
hea and osteopenia or osteoporosis, can progress into the
female athlete triad27. Our finding of the negative weight
trend in junior female rowers could, arguably, be put in
relation with this syndrome, especially when taken into
account that the five rib stress fractures reported in the
398 rowers participating at the 2007 Junior World Row-
ing Championships were all found in female rowers, as
reported by Smoljanovic et al.22.
Body size has been identified as an important perfor-
mance related factor in rowing1,11. The competitive suc-
cess is, in fact, biased toward the larger body size. Longer
limbs, generally accompanying greater height, provide ad-
vantage for the rower in terms of leverage and power out-
put important for boat propulsion1,2,19,28. Greater muscle
cross-sectional area is advantageous in terms of greater
force production and metabolic capacity19. In a number of
studies, the finalists in junior rowing competitions1 as
well as winners in World Championships and Olympic
Games5,29 have been consistently heavier and taller than
their less successful counterparts. The results of our study
are in agreement with those studies.
The bias in favour of the larger senior athletes com-
pelled FISA to create lightweight rowing events for men
and women at the World Championships in 1974 and
1985, respectively19, and in the Olympic Games in 1996.
Khosla29 proposed a debate on introducing height catego-
rization into competitions, in order to assure respect of
the Olympic Games charter on competition fairness and
equality, providing equal competitive opportunity for the
average height29,30. To date, the existing competition cat-
egorization is based on body mass, and is only present at
the senior level. However, the findings of both body
height and body mass differences between junior final-
ists and non-finalists1,11, reinforce the significance that
body size has at this competition level.
The primary limitation of this study is that data on
body mass and stature were attained by a self-adminis-
tered questionnaire and not by actual anthropometric
measurement. However, we believe that the representa-
tive and large sample investigated provides acceptable
counterbalance. Another source of bias might have arisen
from potential differences in the countries represented
in the two Championships, as newer participants from
generally shorter-statured populations might have skew-
ed the overall data. Namely, at the 2007 World Champi-
onships, the national teams whose participants had the
shortest average stature came from Taiwan (157 cm (one
female participant)); Japan (165 cm (two participants)),
and Hong Kong (166 cm (three participants)). As the
1997World Championships took place in Europe, and the
2007 one in Asia, the latter one likely facilitated greater
participation of competitors from the Asian countries.
However, as already mentioned, the majority of partici-
pants at both competitions came from European countries,
decreasing the possibility of bias secondary to change in
the studied populations.
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TABLE 6
OVERVIEW OF THE PUBLISHED ARTICLES SORTED BY GENDER REPORTING MEAN AGE, STATURE AND BODY MASS OF JUNIOR
ROWERS OF BOTH GENDERS – MEMBERS OF NATIONAL TEAMS / COMPETITORS IN INTERNATIONAL TOURNAMENTS
First author Gender Rowers category n Age (yrs)
(X±SD)
Stature (cm)
(X±SD)
Body mass (kg)
(X±SD)
Ditter31 M German national team 1975 27 18.0 186.6 81.6
Koutedakis32 M British and Greek national team 1985 8 17.6±0.7 190.2±4.2 83.1±4.3
Bourgois1 M Belgian national team 1988 10 17.0 186.8 81.2
Steinacker33 M German national team 1989 19 17.5±0.3 191.5±4.1 83.7±6.8
Sklad9 M Polish Olympic reserve team 1991 41 17.8±1.4 189.3±3.7 83.2±7.4
Bourgois1 M Hazewinkel World Championships 1997 383 17.8±0.7 187.4±5.8 82.2±7.4
Present study M Beijing World Championships 2007 231 17.7±0.6 188.4±6.1 83.2±8.2
Sklad9 F Polish Olympic reserve team 1991 18 16.9±1.4 176.8±3.0 72.4±6.5
Bourgois11 F Hazewinkel World Championships 1997 220 17.5±0.8 174.5±6.2 69.5±6.2
Present study F Beijing World Championships 2007 165 17.5±0.7 176.6±5.8 68.7±6.7
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PROMJENE VELI^INE TIJELA VRHUNSKIH VESLA^A JUNIORA – USPOREDBA VESLA^A
IZ 1997. I 2007. GODINE
S A @ E T A K
Cilj ovog istra`ivanja bio je utvrditi jesu li vrhunski me|unarodni vesla~i juniori 2007. godine bili te`i i vi{i od vesla~a
mjerenih 1997. godine, kao i odrediti tu promjenu kod finalista u odnosu na nefinaliste te kod rimen vesla~a u odnosu
na skul vesla~e. Podaci o tjelesnoj masi i visini prikupljeni upitnikom na uzorku od 398 vesla~a (42% djevojaka, 58%
mladi}a) na Svjetskom juniorskom prvenstvu u veslanju odr`anom u Pekingu, u Narodnoj Republici Kini, 2007. godine
(uzorak je ~inilo 65,9% od ukupnog broja natjecatelja), uspore|eni su s podacima 603 vesla~a mjerenih na Svjetskom
juniorskom prvenstvu u veslanju, odr`anom 1997. godine u Hazewinkelu u Belgiji (36,5% djevojaka, 63,5% mladi}a, {to
je, gledano po spolu, ~inilo redom 90% i 89% natjecatelja). Natjecatelji i natjecateljice iz 2007. godine bili su zna~ajno
vi{i u odnosu na one iz 1997. godine (1,0 cm, p=0,009, odnosno 2,1 cm, p<0,001; t-test za jedan uzorak). Za tjelesnu
masu nije utvr|ena statisti~ki zna~ajna razlika. Finalisti i rimen vesla~i bili su vi{i i te`i u odnosu na nefinaliste i skul
vesla~e, i to na oba prvenstva. Dakle, vrhunski vesla~i juniori postali su, u razdoblju od jednog desetlje}a, zna~ajno vi{i,
a finalisti Svjetskog juniorskog prvenstva u veslanju ponovo su bili vi{i i te`i u odnosu na nefinaliste.
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